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ABSTRACT

Sockeye sal non (Oncorhvnchus nerka) escapenent to 59
| ake systens in southern Southeast Al aska was estimted as
part of joint U S./Canada research on interceptions in
boundary region fisheries of Alaska and British Col unbi a.
Escapenments to individual |akes were counted or estimated in
1982 and 1983. Counts were nmade fromweirs and estimates
were nmade by Petersen experiments or corrected counts of
stream surveys. Information from these sources was
extrapol ated to unexam ned | akes and total escapenent was
educed. Estimates of total escapenments were 354,000 in 1982
(90% confidence interval (Cl), 254,000-477,000) and 324,000
in 1983 (90% Cl, 216, 000-458,000). These results represent
the first reliable estimtes of A askan sockeye sal non

escapenment for this region.
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| NTRODUCTI ON

Bet ween 1924 and 1968 sporadic taggi ng studies on

sockeye sal non (Oncorhvnchus nerka) in boundary region

fisheries of Southeast Al aska and northern British Col unbia
(WIllianmson 1925; Rich 1932; Noerenberg and Tyler 1971)
denmonstrated U.S. and Canadi an fishermen caught nixtures of
fish fromboth countries. These sockeye sal non were
primarily of stocks originating from northern British

Col unbi a or southern Southeast Alaska (Fig. 1). Beginning in
1982 and continuing in 1983, the United States and Canada -
cooperated in a tagging programto estimate interceptions of
sockeye salnmon returning to the fisheries on both sides of

t he border.

Devel oped to estimate national conposition of catches in
the affected fishing areas, this research program included
rel eases of tagged adult fish from each fishery during the
season, W th subsequent nonitoring of catches and escapenents
for the tagged fish. Accurate counts or estinates of the
nunber of tagged fish returning to either country were
essential to the program

The main Canadi an sockeye sal non stocks contributing to
the border fisheries were believed to originate fromthe
Skeena, Nass, and Stikine Rivers. Historical information on
run sizes and timng was available, and weir structures
within these rivers facilitated the recovery and counting of

tagged fish.
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Figure. 1--Boundary area of southern Southeast Alaska and northern British Columbia.



Conpared to Canadian fish, fewer sockeye sal non of
sout hern Sout heast Al aska origin were affected by intercepting
fisheries in the border region. These sockeye sal non were
from the numerous small watersheds that are scattered through-
out a vast (about 50,000 knf), sparsely popul ated, and nostly
roadless region. Initial information on the magnitude and
seasonal timng of mgration and spawning of adults of nost
Sout heast Al aska popul ati ons was conjectural .

Recovery and counting of tagged sockeye salnon from all
popul ati ons of southern Southeast Al aska was not feasible.
Instead, the escapenent of tagged fish was estimated fromthe
total escapenent of sockeye salnon and the proportion of fish
that were tagged. This report covers only that part of the
U S. program concerned with the estimation of the sockeye

sal non escapenent to southern Southeast Al aska during the
summers of 1982 and 1983. The estimates constituted a
critical ingredient in the calculations of interceptions, and
may be useful in nanagenent of fisheries of Southeast Al aska
by providing a benchmark agai nst which future escapenents can

be conpar ed.
VETHODS

United States scientists from the Al aska Departnment of
Fish and Ganme (ADF&G and the Northwest and Al aska Fisheries
Center Auke Bay Laboratory conducted a two-stage programto
estimate the size of the sockeye sal non escapenent to

sout hern Sout heast Al aska. First, weirs were installed on



outlet streans of selected |ake systens to allow the counting
of escapenents. In this part of the program fairly accurate
escapenent counts could be obtained under ordinary circum
stances. However, weirs are costly and only a fraction of
the systens could be covered. Therefore, in the second stage
of the program the nunmber of fish in conbined escapenents to
rivers without weirs was estimated. Petersen tagging exper-
iments (secondary studies at the |ake systens as opposed to
the tagging done in the ocean) and stream surveys on a sanple
of the lake systens without weirs, provided data for the,
extrapol ation of total escapenent.

After discussions with natural resource personnel of the
region and an exam nation of stream survey counts, 59 |ake
systenms were identified as significant producers of sockeye
salmon (Fig. 2). O the 59 systens, 12 were identified by
fishery managers as often having very |arge escapenents
(these systens are denoted as class V). The class V systens
are distributed over the region; eight occur on Prince of
Wales Island, two on the mainland, and two on snmaller islands
(Figs. 1, 2; Table 1). The remaining 47 systens were
classified by probable magnitude of escapenent into |arge
(L) I nmedium (M, and small systems (S) (Table 1).

Counts of escaping sockeye salnon were nmade at weirs for
9 of the 12 class V systens, 1 class L lake, and 1 class M
| ake in 1982 and 1983 (Table 2). I n some cases, counts

t hrough weirs were known to be inconplete (Table 2).
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Figure 2. --Sockeye salnon systens and Al aska Departnent of

Fish and Game fishing districts 101-108 in southern
Sout heast Al aska.



Table 1. --Place names and stream number® of significant sockeye
sal non sgstens in southern Southeast Al aska, classified
by probable magnitude of escapenment into very |arge
(V), large (L), nedium (M, and small (S) systens

Class V (n = 12)

Hugh Smith (101-30-075), McDonald (101-80-068), Naha (101-90-050),
Kegan (102-30-067), Karta (102-60-087), Sarkar (103-90-014),
Klakas (103-15-027), Hetta (103-25-047), Klawock (103-60-047),
Luck (106-10-030), Salmon Bay (106-41-010), Thoms (107-30-030)

Class L (n = 11)

Fillmore (101-11-079), Tamgas (101-25-025), Helm (101-90-084),
Dolomi (102-20-040), Thorne (102-70-058), Kushneahin (105-31-003),
Shipley (105-43-002), Logjam (106-30-053), Red Bay (106-41-030),
Kah Sheets (106-42-010), Petersburg (106-44-060)

Class M (n = 10)

Nichols (102-10-060), Johnson (102-30-017), Kina (102-60-068),
Hunter (103-11-017), Nutkwa (103-21-008), Eek (103-25-009), Black
Bear (103-60-031), Warm Chuck (103-80-031), Ratz (106-10-010),
Hatchery (106-30-051)

Class S (n = 26)

Chekats (101-51-06), Sockeye (101-11-039), Lucky Cove (101-41-
025), Mahoney (101-45-016), Leask (101-45-032), Salt (101-45-038),
Ward (101-47-015), Bakewell (101-55-073), Unuk (101-75-030),
Margarita (101-90-039), Dora (102-40-033), Miller (102-30-089),
0ld Tom (102-60-024), Dog Salmon (102-60-038), Salt Chuck (102-60-
095), Karheen (103-90-0693), Tunga Inlet (103-90-009), Kasook
(103-40-058), Tokeen (103-90-072), Tunehean (105-32-004), Sutters
(105-42-014), Hatchery (106-21-003), Kunk (107-30-095), Mill (107-
40-007), Tom (107-40-047), Andrew (108-40-020)

°Al aska Department of Fish and Gane uses this code to uniquely
identify streans. The three parts refer to fishing district,
subdi strict, and stream nunber, respectively.

Very large systenms were identified by fishery managers as often
constituting a significant part of regional escapement wthin
Sout heast Alaska. W classified remalning systens: |arge systens
have had peak counts or season totals in excess of 5,000; nedium
systens, between 1,000 and 5,000; and small systens, |ess than

1, 000.

b



Table 2.--Dates of operation and escapenent counts of sockeye sal mon in southern Southeast
Al aska systems with weirs, 1982 and 1983.

1982 1983 Count ratio
(1983/1982)
System Class Dates Count Dates Count X 100
Hugh Smith \Y June 6-Nov. 26 57,224 June 1-Sep. 3 10,058 17.6
McDonald \"/ July 2-Sep. 12 16,650 July 9-Sep. 1 56,147 337.2
Naha \'4 Not operated - June 13-Aug. 26 4,6792 -
Kegan \Y June 19-Sep. 20 14,485 June 15-Sep. 12 8,751 60.4
Karta v June 24-Sep. 22 41,481 June 18-Sep. 11 22,532 54.3
Sarkar \' June 14-Aug. 22 8,157 June 19-Aug. 19 2,680 32.9
Hetta \Y June 16-Aug. 27 5,387 Not operated - -
Klakas \/ July 29-Oct. ? 2,0762 June 8-Nov. 11 1,413 -
Klawock v June 18-0Oct. 10 4,812 July 7-Oct. 10 839 17.4
Salmon Bay \Y June 26-Sep. 2 . 16,042 June 12-Aug. 26 14,023 87.4
Warm Chuck M Aug. 24-Oct. ? 1,78148 June 19-Oct. 18 3,395 -
Tamgas L ? -Sep. 9 1,696 June 17-Sep. 30 922 b

“An unknown part of the run_passed the weir uncounted.
An eradication program at Tangas invalidates a conparison between years, and counts at
the weir represent only an unknown part of the return to this system



Popul ati ons of sockeye salnon in each of the classes were
i ncluded for secondary tagging orstream survey when the
opportunity was available. Secondary tagging began in early
July and ended in md-August each year (Tables 3, 4). The
outlets of the |akes at salt water were exam ned by a tagging
crew for presence of returning spawners. \Wen sockeye sal non
were detected, the crew tagged as many of the fish as could be
caught within a day or two.

The cost and tine requirenent of searching for spawners at
outlets limted the nunber of systens that could be exam ned
and the nunber of reexam nations of any system  The occurrence
of returning spawners near an outlet streamw th the tagging
crew nearby was somewhat fortuitous, although chances were
probably inproved by synchronizing the |ocation of the crew and
their vessel with the surmsed timng of return of sockeye
sal mon popul ations wthin Southeast Al aska

Sockeye salnmon were captured in salt water near (<0.5 km
the stream nmouths when the search was successful. Sone fish
were, captured by beach seining, but nost were taken by hand
purse seining. Petersen disc tags (3.18-cm dianeter) were
used; their colors, either solid yellow or tricolored orange-
yel l ow-red, distinguished themfromthe bright-red primary tags
used in the ocean fisheries. Tagged fish released in different

systens were distinguished by large letters printed on the



Table 3

--Secondary tag and recovery infornation for

sockeye sal non systens in

sout hern Sout heast Al aska, 1982
Sockeye seen?
Tagging Number Survey
Class System dates tagged dates Live Dead
\Y Naha July 13-14 67 Sep. 16-

Sep. 20 6,029 (5) 479 (0)
Klakas July 18-19 539 Sep. 15 3,395 (6) 432 (2)
Sep. 24 2,000 (3) 3,000 (5)
Thoms July 9-10 106 Sep. 3 3,221 (5) 217 (0)
Sep. 21 15 (0) 2,074 (3)
Luck - 0 Sep. 22 313  (0) 474 (0)
L Helm July 11-13 225 Sep. 15 880 (7) 210 (1)
Sep. 20 247 (3) 434 (5)

Fillmore - 0 Sep. 1 600 (0)€
Sep. 23 122 (0) 17 (0)

Kushneahin Aug 9-11 489 Aug. 17 445 (2)€
Aug. 24P 2,000 (45) 0 (0)
Sep. 18 289 (0) 39 - (0)
Sep. 25 329 (0) 53 (0)
Oct. 7 155 (0) (0)
Shipley Aug 13 502 Sep. 17 352 (7) 10 (0)
Sep. 25 333 (7) 18 (0)
Red Bay - 0 Sep. 20 1,299 (0) 1,609 (0)
M Warm Chuck - 250 Sep. 19 1,059 (3) 385 (0)
oct. 11 2,253 (63) 1,322 (3)

Hunter July 20 34 - - -
Eek - 0 Sep. 18 846 (0) 46 (0)
Ratz - 0 Sep, 22 214 (0) 70 (0)



Tabl e 3. --Conti nued.

Sockeye seen®

Taggi ng Nunber Survey -

d ass System dat es t agged dat es Li ve Dead
S Sutters Aug 14 47 Sep. 16 202 (0) 540 (7)
Leask 0 ? 644 (0)

Sep. 19 150 (0) 215 (0)
Sockeye 0 Sep. 23 750 (0) 87 (0)

sNurrber with tags is in parentheses. _ _ _

Rough counts were nade in the estuary but were not used in estimating escapement.
Oy live and dead total was recorded.

Not recorded.

oT



Table 4.--Secondary tag and recovery information for sockeye sal non systens
wi thout weirs in southern Southeast Al aska, 1983

*
Sockeye seen

: Tagging Number Survey
Class System dates tagged dates Live Dead
v Luck - 0 Sep. 2-
Sep. 3 5,333  (0) 42 (0)
Thoms - 0 Sep. 7 1,545 (0) 1,460 (0)
L Helm July 8-9 334 Sep. 7 323 (25) 212 (12)
. Sep. 16 53 (2) 289 (25)
Oct. 5 0 (0) 303 (18)
Dolomi July 10-11, 17 353 Sep. 7 172 (3) 3 (0)
Sep. 15 178 (3) 15 (0)
oct. 5 960 (26) 96 (0)
Shipley Aug. 3-4 490 Sep. 9 79 (4) 0 (0)
Aug. 9-10 179 Sep. 17 397 (32) 9 (0)
Aug. 16 47 Oct. S 585 (82) 45 (2)
Red Bay - 0 Sep. 3 2,623 (0) 357 (0)
Kushneahin - 0 Sep. 9 167 (0) 3 (0)
Hatchery
(Prince of
Wales Island) - 0 Sep. 18 30 (0) 508 (0)
M Johnson - 0 Sep. 7 1,259 (0) 24 (0)
Ratz July 20 8 Sep. 18 45 (0) 6 (0)
S Miller July 1-18 108 Sep. 7 22 (1) 0 (0)
Sep. 15 211 (5) 0 (0)
oct. 5 2,142 (31) 20 (0)
Karheen Aug. 5-6, 8 100 Sep. 6 638 (31) 0 (0)
oct. 5 5 (0) 110 (5)

*Nunber with tags is in parentheses.

1T
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di scs; these features nmade time-consum ng physical recovery
unnecessary in counting the marked fish in the surveys.

Surveys to count fish of secondary tagged popul ations
were conducted during Septenber and Cctober in 1982 and 1983.
Recovery teans for surveys were usually flown to and fromthe
| akes each survey day. These teans counted |ive and dead
unt agged and secondary tagged fish (Tables 3, 4). Counts were
usually made in all tributaries to the |akes until barriers to
fish mgration were encountered. In sone cases, |ake spawners
were visible and they were also counted. The systens were
surveyed once or tw ce, depending on the stage of spawning at
the first visit: if spawning was in early stages at the first
visit, a second survey was conducted. Relative nunbers of |ive
and dead fish indicated the stage of spawning activity, ranging
fromthe early spawning stage with nost fish alive to the late
stage with nost fish dead. Cost of air transportation prevented
additional surveys. Surveys of systens in which no secondary
taggi ng occurred were performed when the opportunity was
avai |l abl e; weather, logistics, and funds for aircraft support
were limting.

The basic programwas nodified in 1983 with the addition
of experinents to examne the validity of assunptions of the
Petersen experinents, and to conpare visibilities of primary
tags and the two secondary tags. To evaluate the validity of

our application of the Petersen method, taggings were conducted
in salt water at the outlets of three systens with weirs, thus

al l owing the conparison of estimates with weir counts. The
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systens chosen were Kegan, Salnon Bay, and Warm Chuck (Table 5).
The met hods of tagging used to estinate escapenents to systens
wth weirs were the same as in the secondary tagging experinents,
but nore surveys were conducted during these validation studies.

Studies to conpare tag visibilities were done by taggi ng
fromthe weirs at two class V systens--Kl akas and Naha
(Tables 5, 6). The three colors of tags (bright-red prinary,
solid-yell ow secondary, and tricol ored secondary) were placed
I n sequence on sockeye salnon as they passed the weirs.

Sockeye sal mon carrying bright-red primary tags from ocean
taggi ngs were captured and retained at the weirs. Both systens
were surveyed repeatedly to provide observations for conparison
of tag colors. These studies provided information on tag
visibility, and also allowed further conparison of weir counts
with Petersen estinates.

Conmput ati on of escapenent to any | ake system based on
taggi ng used sinple nodifications of Chapman's version of the
Petersen estimator (Ricker 1975) to account for nortality of
tagged fish and repeated surveys on tagged popul ations.

Vari abl es used were the nunber of sockeye sal mon seen (alive

or dead), the nunber of tags observed, and the nunber of tagged
fish which entered the lake. If the |ake system was weired,

t he nunber of entering tagged fish was known; otherwi se it was
conputed from the tagging survival rate estimated from systens
with weirs nultiplied by the number of tagged fish rel eased.

The nodified estimator was a wei ghted average of popul ation

estimates fromthe individual surveys; the weights were the



Table 5.--Secondary tag and recovery information for sockeye salmon systems with
weirs in southern Southeast Alaska, 1983.

Sockeye seen®

Tagging Number Survey
Class System dates tagged dates Live Dead

A Kegan July 13-14 494 Sep. 7 727 (32) 5 (0)
Sep. 14 1,008 (48) 14 (1)
Oct. 5 1,505 (18) 129 (0)

Salmon Bay July 21-22,
Aug. 2 506 Sep. 8 3,755 (27) 744  (7)
Sep. 18 1,521  (2) 1,538 (8)
Klakasd - 189 Sep. 7 659 (58) 3 (0)
Sep. 14 590 (77) 59 (0)
Sep. 27 160 (37) 239 (17)
Sep. 30 111 (27) 349 (20)
Oct. 5 49 (16) 173 (21)
Naha9 - 377 Aug. 31 1,584 (18)P 64 (0)
Sep. 16 1,343 (28)P 219 (4)
oct. 5 1,245 (©) 67 (%)
M Warm Chuck Aug. 7-8, 14 475 Sep. 1 132 (5) 2 (0)
Sep. 5 233 (31) 1 (0)
Sep. 18 417 (31) 137  (9)
Sep. 26 1,502 (105) 108 (6)
oct. 11 311 (11) 108 (21)

a
b

gNumber was not recorded.
Tagging was conducted at the weir.

Number with tags is in parentheses.

Primary-colored tags from weir tagging are excluded.

VT
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Table 6. --Counts of three types of tags--bright-red primary,
tricolor seconddry, and yellow secondary--during
surveys at the Klakas and Naha systens in southern
Sout heast Al aska, 1983; Chi-square statistics wth
associated significance levels for tests of equa

visibility.
Type of tag
Signifi-

Ocean Tricolor Yellow 5 cance

System Survey primary secondary secondary X level
Klakas 1 20 19 19 .03 >.975
2 25 24 28 .34 >.50

3 21 15 18 1.00 >.50

4 18 16 13 .81 >.50

5 14 11 12 .38 >.50

Naha 1 19* 10 8 .22 >.50
2 16" 14 18 .50 >.25

*Nunmbers are not used in test for_equéllvisibility because fish
tagged in ocean fisheries were mxed with those tagged at Naha
weir.

survey proportions of total tagged fish seen (the weighting
reflected our view that estimates from surveys in which few
tagged fish were seen were of dubious value for assessing
popul ation size).

| nf ormati on obtai ned during the tagging studies was used
for computing alternative population estimates to those from
tagging. Survey counts (alive and dead conbi ned) of both years
were corrected to account for unseen fish. Proportions

unobserved during surveys were estimted fromcounts nade on
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systenms with weirs during validation and tag visibility
st udi es.

Total escapenent to southern Southeast Al aska in either
year was the sumof total escapenents to the four classes of
| ake systens. Total escapenent to a class was conputed as the
product of nunber of |akes and average escapenent per | ake.
Weir counts, tagging estimates, or survey counts were used to
estimate average escapenents to |akes of each class.

Anot her estimate of total escapenent in 1982 was the
product of total escapenent in 1983 and the ratio of escapenent
in 1982 to that in 1983. (This estimate was devel oped because
the first year of the study resulted in |ess conplete data for
escapenent estimates.) The ratio of escapenent in 1982 to that
in 1983 was estimated from systens with weirs in both years.

Conmput ation of total escapenent estimates for southern
Sout heast Al aska and eval uation of precision of such estimtes
were acconplished by the bootstrap method (Efron 1982).

Sanpl es of observations, including weir counts, survey counts,
and tag and recovery data, used in the conputation of a total
escapenent estimate were resanpled (sinple random sanples were
drawmn with replacenment fromoriginal sanples with their size
equal to that of the originals) to create additional data sets.
An estimate of total escapenent was conputed from each data

set. (Details of the conputations are provided in |ater
sections of this report.) \Wen total escapenent estimates were
reconput ed hundreds of times in this fashion, the enpirical

probability distribution of such estimates induced by sanpling
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errors wasapproxi mated. The nean of the enpirica
distribution was the point estimate of total escapenment, and
the interval of estimtes corresponding to the central 1 -OC
proportion of this distribution (equal tails) provided an
approximate (1 -0OC) 100% confidence interval

Estimates from al ternative nethods were conbined to
provide a point estimate of total escapenent for either year
The point estinmate was the wei ghted average of the alternative
estimates with weights inversely proportional to variances of
the alternative estinmates as determ ned by bootstrapping. A
confidence interval of the point estimate was the intersection

of the confidence intenrals for the alternative estimtes.
RESULTS AND DI SCUSSI ON

This report docunents the conputation of total sockeye
sal non escapenent estinmates to southern Southeast Al aska for
1982 and 1983. These conputati ons accounted for the follow ng
observati ons:

1) Substantial initial loss of tagged fish before entry
into fresh water fromtaggings in estuaries required
adj ust nent of popul ation estimates.

2) Potential differences in visibility of tag colors were
not detected; therefore no adjustnent of estinmates was
required.

3) In three of five systens at which sockeye sal non were

both tagged and counted through a weir, fairly
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accurate popul ation estimtes were obtained by
tagging; but in the other two cases, unpredictable

ci rcunst ances caused gross error. Hence, population
estimates from tagging alone were not trustworthy, and
alternative estimates were required.

Many sockeye salnon tagged in the estuaries of weired
systenms apparently died before arriving at the weir. [In 1982
the weir at Warm Chuck was installed after the run had begun
but before tagging; the count was 138 of the 250 (55% tagged
fish. Simlar counts fromthree systens were available from
1983: At Kegan, only 199 of 494 (40% tagged sockeye sal non
went through the weir: at Sal non Bay, 335 of 506 (66%: and at
Varm Chuck, 274 of 475 (58%. Information from the weirs and
surveys, which covered a substantial part of the escapenent of
both years, as well as reports fromthe comercial and subsi s-
tence fisheries of Southeast Al aska, did not account for the
| osses; only 39 (5% of the 779 m ssing tagged fish were
| ocated.  Conmercial catches were exam ned for tags by ADF&G
but no provision was made for nonitoring of the subsistence
catch: it is assuned that not all tagged fish caught in the
subsi stence fishery were reported.

Differences in visibility between the two col ors of
secondary tags and that of primary tags were not detectable
during the 1983 special studies (chi-square tests: Table 6).
Conpari son of the counts at Kl akas suggested that possible
differences in visibility anong tag types were not substanti al

(Table 6). The Naha visibility experinment was ruined in part
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when unknown nunbers of fish with primary tags fromthe ocean
tagging entered the system either during a flood while the
weir was inoperable, or after the weir was renoved. The
conparison between the two colors of secondary tags at Naha,
however, remained valid. Results (Table 6) also gave no
indication of a difference between the two colors of secondary
tags, .

The conparison of Petersen estimates with weir counts
during the 1983 special validation studies produced m xed
results. Estimates for Kegan and Warm Chuck were reasonably
accurate, but those for Salnon Bay were not. Qur estimate for
Kegan was 6,778 fish as conpared to the weir count of 8,751
(percent error = -23%. The estimate for Warm Chuck was 3, 690
tagged fish as conpared to the weir count of 3,395 (percent
error = +99%.

The conparison of the estimate obtained by tagging with
the weir count for Sal non Bay was of reduced value for two
reasons. First, an unknown but |arge nunber of small sockeye
sal non passed through the weir uncounted, causing errors that
could not be elimnated. The escapenent observed by our survey
teans at Sal mon Bay consisted of nore than 50% smal |l (size
category determ ned by the subjective judgnment of survey
crews), presumably early maturing individuals. However
precoci ous spawners accounted for only 12%of the fish counted
at the weir. Second, the escapenent count was conparatively
| arge, about 14,000 sockeye salnon. The 335 tagged fish that

survived were inadequate to provide an estinate of reasonable
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precision, with a sanpling of 25% or |ess (Robson and Regier
1964). Using tagged fish, the escapenent estinmate for Salnon
Bay was 56,441 (percent error = 302%.

Taggi ng estinmates were al so conpared to weir counts at
Naha and Kl akas, the systenms at which tag visibility-was
examned in 1983. Two estinmates of escapenment to either system
were made. First, the tagged fish at either weir were assumed
unaffected by causes of initial |osses of fish tagged in the
estuaries. If so, the Petersen estimate for Kl akas was 1,655
conpared to the weir count of 1,413 (percent error = +17%.

The Petersen estimate for Naha was 23,799 conpared to the weir
count of 4,679 (percent error was +409%. Second, if the fish
tagged at the weirs suffered the sane | osses as our other tag
rel eases in the estuaries in advance of the weirs, an adjust-
ment in the Petersen estimte was needed.

Qur adjustment of the Petersen estinmates for tagging
nortality used the observations on survival fromestuary
tagging at systens with weirs. Kegan was excluded because
survival was |ower than at other systems, possibly due to
subsi stence fishing observed at time of tagging. Thus, three
estimates of survival fromtaggi ng were used: those from 1982
and 1983 at Warm Chuck, and from Salnon Bay in 1983. Average'
survival over the three experinments was 60% (Standard error
(SE) = 3.3%. Then the corrected Petersen estimates for Klakas
and Naha were 1,025 and 14,635, respectively (corresponding

percent errors = -27% and +213%.
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The difference between the Petersen estimte and actua
count for Naha is not understood. Small sockeye sal mon were
relatively abundant in Naha when conpared to systens other than
Sal mon Bay: roughly 10% of the individuals seen on one survey
were smal | . Furthernore, sonme fish had entered the Naha system
w thout being counted, either during a 2-day period of flooding
when counting was inpossible, or after the weir was renoved
when the return was assumed conplete. Thirteen tagged fish
fromthe ocean taggings, which were to be renoved at the weir,
were found |ater during surveys in Naha; these fish represented
an additional 1,170 sockeye salnmon to the escapenent if equal
proportions of counted and uncounted escapenents had been
tagged in the ocean fisheries. Both the snmall fish and
uncount ed escapenent woul d cause the Petersen estimate to be
greater than the escapenent counted at the weir, but the
difference seens too great if they alone were responsible.

In summary, tagging estimates and weir counts for 1983
could be conpared for five systens. Percent error of the
estimte was -23%at Kegan, +9% at Warm Chuck, and -27 to +17%
at Kl akas (depending on survival rates assuned for tagged
fish). The nunbers of tagged fish that survived at these
pl aces were low (attenpts to tag greater nunbers were not
successful), and errors of this size may have been due to
sanpling variation rather than bias. Escapenents at Sal non
Bay and Naha were greatly overestimated with errors over 200%

Escapenent estimation is notoriously difficult, fraught

with potential bias and error. \Wenever possible, estinates
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from several sources of information should be conputed to
protect against gross error. W denonstrated that secondary
taggi ng could provide fairly accurate escapenent estimates at
the | evel oftagging used, but that caution in use of such
estimtes was obviously necessary. An alternative approach to
estimating total escapenent to southern Southeast Al aska based
on survey and weir counts was devel oped to validate secondary
tagging. These two approaches were used for the 1983 escape-
ment study discussed next. Tagging infornmation was too
inconplete in 1982 for use in total escapenent estimation. As
a result, we developed a ratio estimate for escapenment in 1982
based on the escapenent estinmate of 1983, as a check on the
val ue obtained from survey and weir counts. Snall-sized fish
that coul d pass through the weirs uncounted were excluded from

estimates for both years.

Escapenent in 1983

The first estinate of total escapenent to southern
Sout heast Al aska in -1983 was conputed from weir counts and
secondary tagging results. W tagged sockeye salnon in three
L systenms (Helm Dolom, and Shipley) and two S systens (M| er
and Karheen); none of the five systens had weirs (Table 4).
Escapenents to these systens using the Petersen estimator
(survival of tagged fish assumed to be 60%, averaged 5,500
(SE = 2,060) for the L systens, and 2,800 (SE = 1,490) for the
S systems. No fish were tagged in M systens, but escapenent to

the weir at Warm Chuck was 3,395 (Table 2). Finally, 9 of the
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original 12 V systens were weired in 1983 (Table 2) and had an
average escaperment of 13,000 (SE = 5,800).

The enpirical sanpling distribution of the estimte of
total escapenent was obtained from 1,000 sets of resanpled
sanpl es drawn fromthe uncorrected Petersen estimates for three
L systens and two S systens, weir counts for nine V systens,
and three estimates of tagging survival. Each of the 1,000
sets of sanmples, together with the single Msystem provided
t he observations by which total escapenent to southern
Sout heast Al aska was conputed. The nean of the 1,000 resanpl ed
estimates of total escapenent (327,000) was our point estimate
(90% Cl, 213,000-458,000). Precision was slightly exaggerated
by this confidence interval (interval was too narrow) because
the variation of M systems was not taken into account.

Anot her estimate of escapenent in 1983 was conputed from
survey and weir counts. Errors in estimating escapenents to
particul ar systems, whose popul ations were both tagged and sur-
veyed, were independent between this approach and the earlier
one based on tagging. However, errors of total escapenent
estimates for classes of systens fromthe two approaches were
partially dependent because both survey counts and taggi ng
estimates were used from certain systens (Helm Dol om,

Shipley, Mller, and Karheen). Nonetheless, survey counts were
al so avail able fromsystens in which no neani ngful tagginglwas
done (Red Bay, Kushneahin, Hatchery, Johnson, Ratz, Luck, and
Thorns; Table 4).
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Ei t her peak or average survey counts were used to estinmate
escapenents to particular systens after correction to account
for unseen fish. An estimate of the percent of escapenent seen
during the survey when the peak count was observed, was
obtained from surveys on weired systens (Kegan, Klakas, Naha,
and Warm Chuck: Table 5). Salnon Bay was excluded because of
the problemw th uncounted small fish which had passed through
the weir. The average maxi num percent of the weir count
observed on these four systems was 37 (SE = 6.7). This val ue
coul d have been too high for use in correcting peak counts of
systenms without weirs because these systens with weirs were
surveyed nore frequently than sone surveyed systens w t hout
weirs. Also, the percent observed for Naha was probably high
because the weir count was inconplete. |If the estinmate of
average maxi mum percent observed was too high, the escapenent
estimates from expansi on of peak counts on the systens w thout
weirs were biased too low. The bias was reduced by using
average survey counts in place of peak counts. The corres-
pondi ng average percent of the weir count observed on the four
systenms was 24 (SE = 5.3).

Peak and average survey counts obtained in 1983 were
corrected for unseen fish to provide our second estinate of
total escapenment. Peak and average survey counts were obtained
from basic observations (Table 4). Average peak count in two
of the V systens without weirs was 4,200 (SE = 1,190); the
correspondi ng val ue for average survey counts in these systens

was identical to the average peak count because only single
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surveys were conducted. Average peak count in six L systens
was 1,000 (SE = 420); the corresponding value for average
survey counts was 800 (SE = 430). Average peak count in two M
systens was 700 (SE = 620); the corresponding value for average
survey counts was identical to the average peak count.

Finally, the average peak count observed in S systens was 1,400
(SE = 760); the corresponding value for average survey counts
was 600 (SE = 210).

The enpirical distribution of estinmates of total escape-
ment from average or peak survey counts was obtained by
resanpling each of the four systens (Kegan, Klakas, Naha, and
Warm Chuck) and their surveys 1,000 times for estinmates of
maxi mum and average percent seen. Next, systems and surveys
were resanpled for class average (per systen) of peak or
average (per survey) survey counts. Corrected counts were
added to weir counts to estimate total escapenent to southern
Sout heast Al aska. Average survey counts provided an estimate
of 318,000 (90% Cl, 216, 000-466,000). Peak counts provided an
estimate of 324,000 (90% C, 209, 000-486,000). The two
estimates were highly dependent and of nearly equal precision
Their average provided an estimate of 321,000 from survey
counts (90% Cl, 216, 000-466, 000).

Escapenment in 1982

Two approaches were al so used in estimation of the 1982
escapenent. The first approach was based on a conparison of

escapenents of 1982 and 1983 to seven V systens weired in both
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years (Table 2, last colum). In six of seven cases, the
escapenents declined from 1982 to 1983. However, escapenent at
McDonal d i ncreased to over threefold that of 1982, and with the
increase, its escapenent becanme the largest in southern

Sout heast Al aska. Overall total escapenment to these systens in
1983 was approxi mately 90% of the correspondi ng escapenent in
1982. Because we had an estimate of the escapenent in 1983, we
coul d conpute an estimate for 1982 based on the assunption that
simlar changes occurred in the escapenents to the remaining
systens. (One thousand sinple random sanpl es of seven pairs of
annual weir counts were drawn with replacenent fromthose of
1982 and 1983 at these seven weirs. The ratio of the 1982
total count to the 1983 total count was conputed from each of
these sanples. FEach resanpled ratio was nultiplied by one of
the 1,000 previously computed estimates of total escapenent in
1983 based on weir counts plus corrected average survey counts.
The average of the 1,000 products, our estimate for 1982 total
escapenent equaled 482,000 (90% C, 254,000-913, 000)

The second approach to estinmating 1982 escapenent used
survey counts (Table 3) corrected for unseen fish as in 1983.
The weir and survey counts of 1983 at Kegan, Kl akas, Naha, and
Warm Chuck were used to estimate the observed proportion of the
escapenent seen. This approach required that the proportion
seen did not change between years. Evidence for change is not
avai | abl e, al though sone know edge on timng of spawni ng was
gained in 1982. | f experience increased the proportion of fish

seen, corrected survey counts would be | ow estimates of
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popul ation size. In 1982, we surveyed 11 systens in addition
to the 4 V systens not weired. Average peak count in the V
systems was 3,900 (SE = 1,220); the corresponding value for
average survey counts was 3,600 (SE = 1,220). W surveyed five
L systens (Table 3) and saw an average peak count of 1,100
sockeye salnon (SE = 470); the corresponding value for average
survey counts was 1,000 (SE = 490). W surveyed three M
systens (Table 3) and saw an even greater average peak count of
1,600 sockeye salnmon (SE = 1,010); the correspondi ng val ue for
average survey counts was 700 (SE = 620). Finally, we surveyed
three S systens (Table 3) and saw an average peak count of 746
sockeye salnon (SE = 60); corresponding value for average
survey counts was 600 (SE = 260). Estinmates of total escape-
ment to sout hern Sout heast Al aska was the sum of weir counts
and survey counts, either average or peak, corrected for unseen
fish and the number of systems per class. The enpirica
di stribution of these estimates for peak counts provided an
estimate of total escapenment of 337,000 (90% Cl, 254, 000-
499,000); average survey counts resulted in an estinate of
357,000 (90% CI, 216, 000-466, 000). The two estimates were of
nearly equal precision. Their average provided an estinate of
347,000 from survey counts (90% Cl, 254,000-477,000).

Total escapenent estimates of sockeye sal non to southern
Sout heast Al aska by the several approaches were consi stent
within and between years (Table 7). For 1983, point estinmates
from survey counts and tagging ranged from 321,000 to 327, 000.

Both nethods provided estimates of nearly the sane precision
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confidence intervals were alnost conpletely overlapping. The
conbi ned point estimate was 324,000 (90% CI, 216, 000-458, 000).
For 1982, the estinmate from survey counts was 347, 000.

The partially dependent ratio estinmate for 1982 based on nulti-
pl ying 1983 escapenent by relative nunbers counted through
weirs in both years was considerably greater at 482,000 sockeye
salnon.  However, the ratio estimate was much | ess precise than
the estimate fromsurvey counts as indicated by widths of confi-
dence intenrals (Table 7): surveys, 223,000; ratio, 659,000
Nonet hel ess, the |ower bound for the ratio estimte, 254,000
was equal to the |ower bound of the 1982 survey estimate. The
conbi ned point estimate for 1982 escapenent was 354,000 (90%
Cl, 254,000-477,000).

Table 7. --Summary of total escapement estimates to southern
Sout heast Al aska, 1982 and 1983. Numbers in
parent heses are 90% confidence limts.

Total escapement

Method of estimation 1982 1983

Survey counts 347,000 321,000
(254,000-499,000) (216,000-466,000)

Tagging - 327,000
- (213,000-458,000)

Welr count ratio 482,000 -
(254,000-913,000) -

Combined 354,000 324,000
(254,000-477,000) (216,000-458,000)
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CONCLUSI ON

Estimates of total escapenent in 1983 from Petersen
experiments or survey counts were in agreenent, and a conbi ned
estimate from both nethods was conputed as 324,000 fish (90%
Cl, 216,000-458,000). An estimate of total escapenent in 1982
was avail able fromsurvey counts, and a second estinmate was
conputed fromthe escapenent in 1983 and rel ative escapenents
counted during the 2 years the |ake systens had weirs. The
conbi ned estimate fromthe two approaches for 1982 was 354, 000
(90% ClI, 254,000-477,000). These were the first estimtes of
total sockeye sal non escapenent for this region. Fi shery
managers can now j udge future conditions of Southeast Al askan
sockeye popul ati ons by conparing popul ation sizes with that

documented by this study.
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